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EDITORIAL 


THE ROLE OF 
THE STUDY OF CYCLES 


THE FOUNDATION FOR 


HYTHMIC or cyclic fluctuation char- 

acterizes the phenomena of 36 sepa- 

rate disciplines, Astronomy, physics, 
astro-physics, seismology, volcanology, 
sedimentary geology, hydrology, oceanology, 
bacteriology, limnology, ichtheology, 
mammalogy, ornithology, entomology, 
climatology, glaciology, terrestrial 
magnetism, medicine, physiology, botany, 
dendrochronology, agronomy, history, 
sociology, and economics are examples. More 
than 2500 scientists have aluded to rhyth- 
mic fluctuations, have alleged it, and/or 
have studied it. 


Rhythmic Fluctuations 


Rhythmic (cyclic) fluctuation is the 
name given to those variations in size, in 
number, or in quality that recur with rea- 
sonable regularity—that is, with a beat. 
The tides are rhythmic. So are the seasons. 
So are the numbers of certain animals. 
So are the variation in the number of sun- 
spots. So are brain waves. 

For the most part those scientists who 
have aluded to rhythmic fluctuations have 
assumed that the rhythms referred to were 
significant—that is, that they had a non- 
chance cause. This assumption has not al- 
ways been justified. Rhythm can be found 
even in a series of random numbers. It 
follows that the rhythms observed in natu- 
ral and social phenomena are often random 
too. 

However, some rhythms are so regular 
and/or so persistent that chance alone is 
not an adequate explanation for the 
behavior. The ]ll-year rhythm of sunspot 
numbers is an example; so is the well 
established 9.6-year rhythm in the abun- 


Hy 


dance of the varying hare and other north- 
latitude mammals. Some non-chance cause is 
particularly implied when, as so often 
happens, the rhythm continues after 
discovery. 


Cause 


In searching for cause, the tendency of 
scientists has been to assume a cause with- 
in the discipline of the phenomenon itself. 
The biologist seeks a biological cause, the 
geologist seeks a geological cause, the 
climatologist seeks a climatological cause. 
This, at least in the first instance, is 
as it should be. 

However, it so happens that when the re- 
sults of the research of various scientists 
are tabulated we find scores—perhaps hun- 
dreds—of instances where a rhythm dis- 
covered by one man in the data of one dis- 
cipline has a wave length that seems to be 
exactly equal to the wave length of a 
rhythm discovered by someone else in the 
data of another discipline. Moreover, it is 
usual for these rhythms of seemingly 
identical wave length to crest (and trough) 
at more or less the same calendar time. 


Interdiscipline Relationships 


These facts suggest that uf the wave 
lengths of the rhythms are really identical 
there may be an inter-discipline relation- 
ship or perhaps a more fundamental cause 
that lies behind the behavior of both dis- 
ciplines. 

But are the wave lengths identical? We 
have records of a “‘ten-year” rhythm in the 
abundance of Canadian lynx and of a “‘ten- 
year” rhythm in the outbreaks of plagues of 
grasshoppers. However, more careful meas- 
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urement shows clearly that the “ten-year” 
lynx rhythm is 9.6 years long, the ‘“‘ten- 
year” grasshopper rhythm is 9.2 years long. 
It follows that there is no possible inter- 
relationship. Starting out together, the 
two rhythms will gradually pull apart 
until, after a-few repetitions, one 1s up- 
side down in relation to the other. In 
other instances, to the contrary, more and 
more careful measurements tend to confirm, 
rather than to deny, the suggested identity 
of wave length. 


A Program 


It follows that, to meet this situation, 
several things are needed. Among them, — 

(1) More accurate measurement of rhythm 
length, strength, shape, and timing. 

(2) Room in our thinking for the con- 
cept of irregular rhythms. 

(3) More complete reporting of the meas- 
urement processes so that qualified workers 
can evaluate the methodology and the con- 
clusions reached. 

(4) Some sort of an interdiscipline 
clearinghouse, so that students of rhythm 
in one discipline can know the other dis- 
ciplines where “‘their” wave lengths have 
been discovered. A full knowledge of the 
other manifestation of the rhythm is nec- 
essary 1f the workers in each discipline 
are to formulate adequate theories of 
cause and effect. (The great British physi- 
cist Tyndall once said, ‘‘An idea in an 
empty head has the time of its life. It 
can rotate in any orbit it chooses without 
having any facts to bump into.”) 

Such a clearinghouse should publish and 
keep up to date a cyclopedia of rhythmic 
cycles, cross indexed by discipline and by 
wave length, a directory of cycle re- 
search scientists, and a medium for the 
publication of scientific papers in this 


field. 


The Foundation for the Study of Cycles 
The Foundation for the Study of Cycles 
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can make an important contribution to such 
a program. The foundation can help scient- 
ists to appreciate the fact that more pre- 
cise information about rhythmic fluctua- 
tion is necessary. It can help scientists 
and others to a knowledge of the necessary 
techniques. It can promote the proper re- 
porting of cycle investigations. 

The essence of good cycle reporting in- 
volves a presentation of (a) the unmani- 
pulated data, with notes as to source; (b) 
the recording of wave lengths and other 
cycle characteristics with the greatest 
possible precision; (c) the reporting of 
all the manipulation and/or methods used 
to detect, isolate, and evaluate the 
rhythm. This reporting should include work 
charts, and if possible, work sheets for 
the entire analysis. 

Too often we read, for example, “I have 
discovered a ten-year cycle in the abun- 
dance of grasshoppers.” In contrast, good 
cycle exposition required the author to 
say, ‘‘I have discovered a 9.2.year (4.1- 
year) cycle in the abundance of grass- 
hoppers in the United States, 1841—1940, 
Here are my data. Here, so that the reader 
can see if he approves, are my methods; 
here are my work charts; here are all 
pertinent work sheets. Crests of the 
idealized cycle come at 1847.2 and at 
9.2-year intervals forward from that time. 
The current crest of the idealized cycle is 
due at 1957.6. The waves have a typical 
strength of 239% of trend at time of 
crest, 42% of trend at time of trough. 
They account for 52% of the variation from 
trend. Their shape is zigzag. They have re- 
peated 10% times in the available data. 
Trend was determined in such and such a way. 
Here is my evaluation of the significance 
of this cycle.” 

Nothing less than this is an adequate 
investigation. Nothing less than this is an 
adequate presentation. To the furthering of 
such research and such reporting, the 
foundation is dedicated. E.R. Dewey 


WHEELER’S 


INDEXES OF WAR 


The indexes of war presented herewith were prepared by Raymond H. 
Wheeler, at the time Professor of Psychology at the University of 
Kansas. They are the result of a search of all available literature. 


There are three indexes, one for international conflict, one for 
civil conflict, and a third obtained by adding the first two. 


Professor Wheeler prepared his indexes as follows: to a mild en- 
gagement he gave a value of one, to a moderately severe engagement he 
gave a value of two, and to a very exceptionally heavy engagement he 
gave a value of three. The value of the index for any particular year 
is the summation of the values so determined. 


The values for World War I and World War II years are somewhat 
arbitrary. 


Note that as there is no zero year, negative years differ from 


B.C. years by one. That is, year 600 B.C. is year minus 599, and so 
on. De Jhieag D), 
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* Zero Yoar is the Year 1 B.C. 
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FOUNDATION FOR THE STUDY OF CYCLES’ 


DIRECTORY 


OF 


CYCLE SCIENTISTS 


THE FOUNDATION FOR THE STUDY OF CYCLES 
680 WEST END AVENUE 
NEW YORK 25, NEW YORK 


FOREWORD 


Cycle study transcends the boundaries of the individual disci- 
plines. This is so because the techniques are the same whether one is 
studying cycles in the abundance of grasshoppers or in the number of 
international battles. It is so because a cycle wave length discovered 
by a dendrochronologist may be the same as a cycle wave length dis- 
covered by an economist, thus suggesting at least the possibility of 
a common cause. 


However, with today’s specialization, how is a worker in one field 
to know even the names of the workers in other fields, unless there is 
a place to which he can turn for reference? 


This thought stimulated the Foundation for the Study of Cycles in 
1940 to issue its first Directory of Cycle Students. We present here- 


with a revision, bringing the original work up to date. 


The editors will appreciate learning of errors of commission and of 
omission, 


104 


DIRECTORY 


A 


ABBOT, CHARLES GREELEY, Smithsonian Institu- 
tion, Washington, D. C. Research Associate. 
Astrophysics, Climatology. 


ABBOTT, W. N., 313 Manukau Road, Epson Auck- 
land, New Zealand. Physician and Clinical 
Biophysicist, Agronomy, Geophysics, Ichthy- 
ology, Limnology, Mammalogy, Medicine, Meteor - 
ology, Climatology, Oceanography, Volcanology. 


ADAMS, WALTER SYDNEY, 873 N. Hill Avenue, 
Pasadena 7, California, Astronomy, Astro- 
physics. 


ADLER, HELMUT E., American Museum of Natural 
History, Central Park West & 79th Street, New 
York, New York. Zoology. 


AITKEN, ALEXANDER C., University of Edinburg, 
74 Trinity Road, Edinburg 5, Scotland. Mathe- 


matiesc, sotatastics. 


ALTER, DINSMORE, 1829 Berryman Street, Berke- 
ley 3, California. Astronomy, Astrophysics. 


ALVARES, ANTONIO M., Box 8247, Puerto itico. 
Astronomy, Geophysics, Medicine, Meteorology, 
Climatology, Seismology. 


ANDERSON, CLIFFORD NORMAN, 133 Summit Avenue, 
Summit, New Jersey. Formerly with Bell Tele- 
phone Laboratory. Astronomy, Astrophysics. 


ANDERSON, J. A., University of Minnesota Med- 
ical School, Minneapolis, Minnesota. Professor 
of Pediatrics. 


ANDERSON, RICHARD L., North Carolina State 
College, Raleigh, North Carolina. Professor 
of Statistics. Mathematics, Statistics. 
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ANDREWS, EDSON J., 205 E. College Avenue, 
Tallahassee, Florida. 


ANTEVS, ERNST VOLDEMAR, The Corral, Globe, 
Arizona. 


ANTHONY, HAROLD ELMER, American Museum of 
Natural History, New York, New York. Chairman 
and Curator, Department of Mammals. Mammalogy. 


ARMSTRONG, CHARLES E., American Telephone and 
Telegraph Company, 195 Broadway, New York, New 
York. Mathematics, Statistics, Economics. 


ASCHOFF, JURGEN, Institut fur Physiologie, 
Max-Planck-Institit fur Medizinische Forschung 
Jahnstrasse 29, Heidelberg, Germany. Physi- 
ology. 


ASDELL, SYDNEY ARTHUR, Cornell University, 
Ithaca, New York. Professor of Animal Physi- 
ology. Mammalogy, Zoology, Physiology. 


B 


BALLS, WILLIAM LAWRENCE, Egyptian Ministry of 
Agriculture, Cairo, Egypt. Cotton Technolo- 
gist. Agronomy. 


BARNWELL, FRANKLIN H., Northwestern Univer- 
sity, Evanston, Illinois. Biology. 


BARTELS, JULIUS, University of Gottingen, 
Herzberger Landstrasse 180 (20B) Gottingen, 
Germany. Professor of Geophysics and Director 
of the Institute fur Stratospharen-Physik im 
Max-Planck-Institute fur Aeronomie. Geomagnet- 
ism, Geophysics, Mathematics, Statistics, 
Meteorology, Climatology. 


BARTTER, FREDERIC C., Clinical Endocrinology 
Branch, National Heart Institute, National 
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Institutes of Health, Bethesda 14, Maryland. 
Medical Director. Endocrinology and Renal 
Functions. 


BATES, STEWART, Central Mortgage and Housing, 
Montreal Road, Ottawa, Canada. President. 
Economics. 


BATTLE, HELEN IRENE, University of Western 
Ontario, London, Ontario, Canada. Professor 


of Zoology, Ichthyology, Zoology. 


BEAN, LOUIS H., 3714 N. Randolph Street, Ar- 
lington, Virginia. Formerly Economic Advisor, 
Office of the Secretary of Agriculture, U. S. 
Department of Agriculture. Agronomy, Eco- 
nomics, Meteorology, Climatology. 


BECHTOLD, IRA C., 1987 Skyline Vista Drive, 
La Habra, California. Consultant. Geophysics. 


BELDING, DAVID LAWRENCE, Woods Hole Oceano- 
graphic Institution, Woods Hole, Massachusetts. 
Associate Sctentist. Ichthyology, Limnology. 


BELL, J. FREDERICK, Rocky Mountain Laboratory, 
U. S. Public Health Service, Hamilton, Mon- 


tana. Medical Director. Mammalogy. 


BENNETT, KENNETH ROBERT, Pennsylvania State 
University, University Park, Pennsylvania. 
Professor of Agricultural Economics and Ex- 
periment Station Statistician. Economics. 


BENNETT, MIRIAM F., Department of Biology, 
Sweet Briar College, Sweet Briar, Virginia. 
Zoology. 


BETHE, HANS ALBRECHT, Laboratory of Nuclear 
Studies, Cornel] University, Ithaca, New York. 
Astronomy, Astrophysics. 


BEVERIDGE, WILLIAM, Oxford, England. Economics. 


BIRD, RALPH DURHAM, Canada Agriculture Re- 
search Laboratory, University of Manitoba, 
Winnipeg 9, Manitoba, Canada. Head, Entomology 
Section. Entomology. 


BLACKBURN, RAYMOND F., School of Business 
Administration, University of Pittsburgh, 
Pittsburgh, Pennsylvania. Professor and Head, 
Department of Statistics. Statistics. 


BLAIR, W. FRANK, University of Texas, Austin, 
Texas. Professor of Zoology. Herpetology, 
Mamma logy. 


BLISS, DOROTHY E., The American Museum of 
Natural History, New York, New York. Zoology. 


BOLLINGER, CLYDE JOHN, University of Oklahoma, 
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Norman, Oklahoma, Associate Professor of Ge- 
ography Emeritus. Astronomy, Astrophysics, 
Geophysics, Hydrology, Meteorology, 


BOOLOOTIAN, RICHARD A., Department of Zool- 
ogy, University of California, Los Angeles, 
California. Zoology. 


BOWERMAN, WALTER G., 745 Schaefer Avenue, Ora- 
dell, New Jersey. Formerly Assistant Actuary, 
New York Life Insurance Company. Astronomy, 
Astrophysics, Biology, Medicine. 


BRADLEY, WILMOT HYDE, U. S. Geological Survey, 
Washington, D. C. Chief Geologist. Geology. 


BRANDT, E., University of Oklahoma Medical 
School, Oklahoma City, Oklahoma. Medical Sta- 


tistics. 


BRAY, J. R., Department of Botany, University 
of Toronto, Toronto, Ontario, Canada. Assist- 
ant Professor. Botany. 


BREHME-WARREN, KATHERINE, Adelphi College, 
Garden City, L. I., New York, Associate Pro- 
fessor. 


BRETT, WILLIAM J., Science Department, Indiana 
State College, Terra Haute, Indiana. Biology. 


BRICK, I. B., Medical Center, Georgetown Uni- 
versity, Washington, D. C. Assistant Pro- 
fessor. 


BRIER, GLENN W., United States Weather Bureau, 
Washington, D. C. Chief Meteorologist Statis- 
tical Section. Climatology. 


BROWMAN, LUDVIG G., Department of Zoology, 
Montana State University, Missoula, Montana. 
Mammalogy, Zoology. 


BROWN, FRANK A., JR., Northwestern University, 
Evanston, Illinois. Morrison Professor of 
Biology. Biology, Botany, Entomology, Herpe- 
tology, Psychology, Zoology. 


BRUCE, VICTOR G., Department of Biology, Prin- 
ceton University, Princeton, New Jersey. Bi- 
ology. 


BRUNT, DAVID, Electricity Supply Research 
Council, Trafalgar Buildings, Charing Cross, 
London, S. W. 1, England. Climatology. 


BUCK, JOHN B., National Institute of Health, 
Bethesda 14, Maryland. Entomology. 


BURGER, J. WENDELL, Trinity College, Hartford, 
Connecticut. Professor of Biology. Herpetology 
Ichthyology, Limnology, Ornithology. 
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BURKENROAD, MARTIN D., Apartado 6231, Panama, 
Republic of Panama. Ichthyology. 


BURNS, ARTHUR FRANK, Columbia University, New 


York, New York. Professor of Economics. Eco- 
nomics. 


BURR, HAROLD SAXTON, Yale School of Medicine, 
New Haven, Connecticut. E. K. Hunt Professor 
Emeritus, Botany, Biology, Medicine. 


BURT, WILLIAM HENRY, Museum of Zoology, Uni- 
versity of Michigan, Ann Arbor, Michigan. 
Mamma logy. 


BUTLER, LEONARD, University of Toronto, To- 
ronto, Ontario, Canada. Professor of Genetics. 
Biology, Mammalogy. 


C 


CAIN, STANLEY ADAIR, Department of Conser- 
vation, University of Michigan, Ann Arbor, 
Michigan. Professor and Chairman. Biology. 


CAMERON, THOMAS WRIGHT MOIR, McGill Univer- 
sity, Montreal, Quebec, Canada. Bacteriology. 


CARD, DANA GEORGE, University of Kentucky, 
Lexington, Kentucky. Professor of Agricultural 
Economics. Economics, Meteorology, Clima- 
tology. 


CASTLE, DUDLEY S., Route 5, Box 40-W, Excel- 
sior, Minnesota. Economics. 


CHANEY, RALPH, University of California, Berk- 
eley, California. Professor Emeritus. Geology. 


CHAPIN, FRANCIS STUART, University of Minne- 
sota, Minneapolis, Minnesota, Emeritus Pro- 
fessor of Sociology. Sociology. 


CHAPMAN, C. R., Purdue University, Lafayette, 
Indiana. Assistant Professor of Electrical 
Engineering. Economics. 


CHAPMAN, SYDNEY, Geophysical Institute, Col- 
lege, Alaska. Mathematics, Statistics. 


CHAPPLE, CHARLES CULLODEN, 2013 Church Road, 
Flourtown, Pennsylvania. Medicine. 


CHITTY, DENNIS H., Department of Zoology, Uni- 
versity of British Columbia, Vancouver, Brit- 
ish Columbia, Canada. Mammalogy. 


CLARKE, CHARLES HENRY DOUGLAS, Department of 
Lands and Forests, Toronto, Ontario, Canada. 
Assistant Chief, Fish and Wildlife Branch. 
Ornithology. 
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CLYNES, M. E., Rockland State Hospital, Or- 
angenburg, New York. 


COGAN, L. PETER, Peter L. Cogan Foundation, 
Incorporated, New York, New York. President. 
Medicine. 


COLE, LAMONT COOK, Cornell University, Ithaca, 
New York. Professor of Zoology. Mammalogy, 
Biology, Entomology, Mathematics, Statistics. 


CONRAD, VICTOR, 195 Upland Road, Cambridge, 
Massachusetts. Formerly Research Associate in 
Climatology, Harvard University. Meteorology, 
Climatology, Seismology. 


COURTRIGHT, L. J., 490 Post Street, San Fran- 
cisco, California. Medicine. 


COWAN, IAN MCTAGGART, University of British 
Columbia, Vancouver, British Columbia, Canada. 


Head, Department of Zoology. Mammalogy. 


COWGILL, DONALD OLEN, University of Wichita, 
Wichita, Kansas. Professor of Sociology. Soci- 
ology. 


COWLES, ALFRED, Cowles Commission for Research 
in Economics, University of Chicago, Chicago, 
Illinois, President, Economics. 


COWLES, RAYMOND BRIDGMAN, University of Cali- 
fornia. Los Angeles, California. Biology. 


CROXTON, FREDERICK EMORY, Columbia University 
New York, New York. Professor of Statistics. 
Economics. 


D 


DAMANN, KENNETH EUGENE, Eastern Illinois State 
College, Charleston, Illinois. Professor of 
Botany. Bacteriology, Biology, Ichthyology, 
Limnology. 


DANSON, JOHN FRANCIS, Wotton Lodge, Ingate- 
stone, Essex, England. Economics, Mathematics, 
Statistics. 


DAVIES, GEORGE REGINALD, Bureau of Business 
and Economic Research, State University of 
Iowa, Iowa City, Iowa. Statistician. Econom- 
ics, History, Sociology. 


DAVIS, HAROLD T., Northwestern University, 
Evanston, Illinois. Professor of Statistics. 


Economics. 


DeCOURSEY, PATRICIA, Department of Zoology, 
University of Wisconsin, Madison, Wisconsin. 
Zoology. 
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DEEVEY, EDWARD S., Osborn Zoological Labora- 
tory, Yale University, New Haven, Connecticut. 
Associate Professor and Director. Zoology. 


deGRYSE, JOSEPH. J., Division of Entomology, 
Central Experiment Farm, Ottawa, Canada. Ento- 
mology. 


De LURY, RALPH EMERSON, Solar Physics Division 
Dominion Observatory, Ottawa, Ontario, Canada. 
Formerly Acting Director. Astronomy, Astro- 
physics. 


De SMITT, VALADIMIR P., Columbia University, 
New York, New York. Research Associate in 
Geology. Astronomy, Astrophysics, Geology, 
Geomagnetism, Geophysics, Meteorology, Clima- 
tology, Oceanography. 


De TERRA, HELMUT, Columbia University, New 
York, New York. Research Associate. Climatology. 


DEWEY, EDWARD R., Foundation for the Study of 
Cycles, 680 West End Avenue, New York 25, New 


York. Executive Director. Cycle study as such. 


DEXTER, RALPH W., Department of Biology, Kent 
State University, Kent, Ohio. Zoology. 


DICE, LEE R., University of Michigan, Ann 
Arbor, Michigan. Professor Emeritus of Zoology. 
Ecology, Mammalogy. 


DILLER, OLIVER DANIEL, Department of Forestry, 
Ohio Agricultural Experiment Station, Wooster, 
Ohio. Chairman. Forestry. 


DORLAND, JACK A., 10 Castle Heights, Tarrytown, 
New York. Economics, Geomagnetism, Psychology. 


DOUGLASS, ANDREW ELLICOTT, Tree Ring Labora- 
tory, University of Arizona, Tucson, Arizona. 
Dendrochronology. 


DOWNING, STUART CHALMERS, Royal Ontario Museum 
of Zoology, Toronto, Canada. Mammalogy. 


DREYER, WILLIAM A., University of Cincinnati, 
Cincinnati, Ohio. Professor, Zoology.Entomology. 


DUNBAR, MAXWELL JOHN, McGill University, Mont- 


real, Quebec, Canada. Professor of Zoology. 
Biology, Oceanography, Zoology. 


DUNBAR, VERYL L., The American Telephone and 
Telegraph Company, Cincinnati, Ohio. Economics. 


DUSTAN, G. G., Entomology Laboratory, Vineland 


Station, Ontario, Canada. Officer in Charge. 
Entomology. 


DYMOND, JOHN RICHARDSON, University of Toronto 
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Toronto, Ontario, Canada. Emeritus Professor 
of Zoology. Ichthyology, Mammalogy, Zoology. 


E 


ELTON, CHARLES, Bureau of Animal Population, 
Oxford, England. Director. Mammalogy. 


EHRET, CHARLES F., Argonne National Labora- 
tory, Division of Biological & Medical Re- 
search, Lamont, Illinois. Microorganisms. 


EMERSON, ALFRED E., University of Chicago, 
Chicago, Illinois. Professor of Zoology. Bi- 
ology, Entomology, Zoology, Animal Ecology. 


EMILIANI, CESARE, Marine Laboratory, Uni- 
versity of Miami, Miami, Florida. Climatology. 


ENGEL, R., Department of Neurology, University 
of Oregon, Portland, Oregon. 


ERHARDT, CARL L., Department of Health, New 
York City 13, New York. Director of the Bureau 
of Records and Statistics. Medicine. 


ERICKSON, ARNOLD B., Minnesota Division of 
Game and Fish, St. Paul, Minnesota. Game Re- 
search Supervisor. Mammalogy. 


ERRINGTON, PAUL LESTER, Iowa State College, 
Ames, Iowa. Professor of Zoology. Mammalogy, 
Biology, Ornithology, Zoology, Ecology, Epi- 
demiology, Physiology. 


F 


FAIRBRIDGE, RHODES W., Columbia University, 
New York, New York. Professor of Geology. 
Geology, Climatology. 


FALLIS, ALBERT MURRAY, Ontario Research Foun- 
dation, Toronto, Ontario, Canada. Director of 
Parasitology. Ornithology. 


FERRIE, R. M., Saskatchewan Fish and Game 
League, Saskatoon, Saskatchewan, Canada. Orni- 
thology, Mammalogy, Ichthyology, Limnology. 


FINGERMAN, MILTON, Tulane University, New 
Orleans, Louisiana. Zoology. 


FOERSTER, R. E., Biological Station, Fisheries 
Research Board of Canada, Nanaimo, British, 
Columbis, Canada. Principal Scientist. Ichthy - 
ology, Limnology. 


FOLK, G. EDGAR, Department of Physiology, 
State University of Iowa, Iowa City, Iowa. 
Zoology. 
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FORBES, WILLIAM T. M., Commander Hotel, Cam- 
bridge, Massachusetts. Entomology. 


FORBUSH, SCOTT E., Carnegie Institution of 
Washington. Washington, D. C. Geophysics. 


FRITTS, HAROLD C., University of Arizona, 
Tucson, Arizona. Assistant Professor of Den- 
drochronology. Botany. 


FRITZ, EMANUEL, University of California, 
Berkeley, California. Emeritus Professor of 
Forestry, Consultant in Forestry and Lumber- 
ing. Botany, Forestry. 


FRYER, DOUGLAS, New York University, New York, 
New York. Associate Professor of Psychology. 
Psychology. 


G 


GALICICH, J. H., Box 326, University of Min- 
nesota Hospital, Minneapolis, Minnesota. 


GAPOSCHKIN, CECILIA PAYNE, Harvard University, 
Cambridge, Massachusetts. Astronomy, Astro- 
physics. 


GARCIA-MATA, CARLOS, Oenoke Ridge, New Canaan, 
Connecticut. Economics. 


GAUBIS, ANTHONY, 122 E. 42nd Street, New York, 
New York. Economics. 


GAUMNITZ, ERWIN A., School of Commerce, Uni- 
versity of Wisconsin, Madison, Wisconsin. 
Dean. Statistics, Economics. 


GERMANN, PAUL J., College of St. Thomas, St. 
Paul, Minnesota. Associate Professor of Bot- 
any. Botany. 


GIBBS, FREDERIC A., Department of Neurology, 
Harvard Medical School, Boston, Massachusetts. 
Physiology. 


GIFFORD, S., Peter Bent Brigham Hospital, 
721 Huntington Avenue, Boston, Massachusetts. 


GLOCK, WALDO S., Department of Geology, Macal- 
aster College, St. Paul, Minnesota. Chairman. 
Botany, Forestry, Dendrochronology. 


GORHAM, RAYMOND PAUL, Division of Applied 
Biology, National Research Council of Canada, 
Ottawa, Ontario, Canada. Associate Research 
Officer. Entomology. 


GOULD, EDWIN, Department of Zoology, Tulane 
University, New Orleans, Louisiana. Herpe- 
tology. 
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GRAHAM, KENNETH, University of British Co- 
lumbia, Vancouver, B. C., Canada. Entomology. 


GRANGE, WALLACE BYRAN, Sandhill Game Farm, 
Babcock, Wisconsin. President, Biology. 


GRAY, STEPHEN W., Emory University, Atlanta, 
Georgia. Associate Professor of Anatomy. His- 
tory, Medicine. 


GREBE, JOHN JOSEPH, Dow Chemical Company, Mid- 
land, Michigan. Director, Nuclear Research and 
Development, Astronomy, Astrophysics, Psy- 
chology, Sociology. 


GRIFFIN, DONALD R., Biological Laboratories, 
Harvard University, Cambridge, Massachusetts. 
Zoology. 


GROSS, ALFRED OTTO, Bowdoin College, Brunswick 
Maine. Professor Emeritus of Biology and Orni- 
thology. Ornithology. 


GUMBEL, EMIL J., Columbia University, New York, 
New York. Hydrology, Mathematics, Statistics. 


GUNTER, GORDON, Gulf Coast Research Labora- 
tory, Ocean Springs, Mississippi. Ichthyology. 
Limnology, Zoology. 


GUYSELMAN, J. BRUCE, Department of Biology, 
Carleton College, Northfield, Minnesota. Zo- 
ology. 


H 


HALBERG, FRANZ, Department of Pathology, Uni- 
versity of Minnesota, Minneapolis, Minnesota. 
Medicine. 


HALL, EUGENE RAYMOND, Department of Zoology, 
University of Kansas, Lawrence, Kansas. Chair- 
man. Mammalogy. 


HAMILTON, WILLIAM JOHN, JR., Department of 
Conservation, Cornell University, Ithaca, New 
York. Professor of Zoology. Mamma logy, Zoology. 


HAMNER, KARL C., Department of Botany, Uni- 
versity of California, Los Angeles, Cali- 
fornia. Botany. 


HANSEN, HENRY P., Oregon State College, Cor- 
vallis, Oregon. Professor of Palynology. Bi- 
ology, Botany, Dendrochronology, Geology. 


HARPER, F. A., Foundation for Voluntary Wel - 
fare, Burlingame, California. Research Di- 


rector. Economics. 


HARVEY, JOHN, Consumers Power Company, Jackson, 
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Michigan. Plant Accounting Engineer. Eco- 
nomics. 


HASLER, ARTHUR D., Department of Zoology, Uni- 
versity of Wisconsin, Madison, Wisconsin. 
Zoology. 


HAUGEN, ARNOLD OTTO, Iowa State University, 
Ames, Iowa. Professor of Zoology, Leader Wild- 
life Research Unit. Mammalogy. 


HAUS, E., 264 Lyones Laboratory, Department of 
Pathology, Division of Cancer Biology, Uni- 
versity of Minnesota, Minneapolis, Minnesota. 
Biology. 


HAUTY, G. T., Civil Aeromedical Research In- 
stitute, Oklahoma City, Oklahoma. Chief, Psy- 
chology Branch. Psychophysiology. 


HAVILL, B. G., Haskins and Sells, Dallas, 
Texas. Public Accountant. Mathematics, Sta- 
tistics. 


HAWKING, FRANK, National Institute for Medical 
Research, Mill Hill, London, England. Head of 
Division of Chemotherapy and Parasitology. 
Periodicity of Microfilariae. 


HAYDU, G. G., Creedmoor Institute for Psycho- 
biologic Studies, New York, New York. Perio- 
dicity of the Self-Structure, Periodicity in 
Cultural Evolution. 


HECKERT, HILMAR, Fraziusweg 78, Berlin-Lich- 
tenrade, Germany. Bacteriology, Medicine, 
Biology. 


HENDRICKS. STERLING B., Mineral Nutrition 
Laboratory, U. S. Department of Agriculture, 
Soil and Water Conservation Research Division, 
Beltsville, Maryland. Botany. 


HERSEY, REXFORD B., University of Pennsylvania, 
Philadelphia, Pennsylvania. Professor of In- 
dustry (Mental Hygiene). Sociology. 


HEUSSER, C. J., American Geographical Society, 
Broadway at 156th Street, New York, New York. 
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TESTING CYCLES FOR STATISTICAL SIGNIFICANCE 


Applying the Bartels Test of Sig nificance 


to a Time Series Cycle Analysis 


by Charles E. Armstrong 


In the cycle analysis of time series, 
the question almost invariably arises as 
to whether or not a given period shows 
statistical evidence of reality. Among the 
various devices used in testing for signi- 
ficance, Partels’ technique seems to give 
perhaps the most reasonable results. This 
test of significance, when applied to the 
cycle analysis of time series, reflects 
the degree to which a particular periodic- 
ity is consistently present throughout the 
series under study, as well as the per- 
sistence of the cycle, i.e., the number of 
waves contained in the series. In this 
test the cycle curve for the given period 
under test is fitted to the entire series, 
and the amplitude of the resulting meas- 
ured cycle is compared with the amplitude 
which might be expected to occur as a re- 
sult of chance factors alone. This ex- 
pected amplitude is determined by fitting 
the cycle curve for the given period sepa- 
rately to successive segments of the se- 
ries, each segment being one period in 
length. From the n individual amplitudes 
so obtained, an estimate of the expected 
average amplitude is computed in accord- 
ance with the rule used in determining the 
dispersion of the mean, i.e., by dividing 
the quadratic mean of the individual 
amplitudes by yn. By comparing the meas- 
ured average amplitude as obtained by 
fitting the cycle curve to the entire se- 
ries with the expected average amplitude, 
we have a direct means, through the use of 
standard probability formulae, of arriving 
at a mathematical measure of the genuine- 
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ness of the observed cycle. As will be 
seen, the resulting measure of genuineness 
will be high in cases where individual cy- 
cles exhibit stability in both amplitude 
and timing, and low where the opposite 
conditions obtain. Also, the value of n, 
the number of individual periods contained 
in the series, has a positive effect on 
this measure. “f course, for n=] the test 
1s meaningless. 

Since periods other than the particular 
one under analysis affect both the meas- 
ured and expected average amplitudes in 
the same way and to the same degree, the 
final measure of genuineness is not af- 
fected Ly such disturbing elements. Like- 
wise, the effects of any seria] correla- 
tion present in the series is nullified by 
appearing in hoth sides of the ratio of 
measured to expected amplitude. Hence, the 
test may with safety be applied to series 
of deviations from moving averages or from 
other trend or smoothing curve devices, 
the use of which may change the amount of 
serial correlation present in the series. 


The Bartels test is not designed prima- 
rily as a means of locating the periods of 
cycles present ina series. Its chief val- 
ue lies in its application as a test of 
significance after the period has been 
located by some other means. However, in 
the process of locating the exact period, 
it 1s often possible to set up the work 
processes and papers in such a way as to 
facilitate the application of the Bartels 
test after the period has been determined. 
The following tables and chart illustrate 
the application of the test to the results 
of a harmonic analysis of a typical eco- 
nomic series. 
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Takle T shows the initial and final 
portions of a monthly series of relative 
deviations from trend of an index of eco- 
nomic activity in the United States, from 
1899 to 1939, inclusive. Investigation has 
indicated the presence in this series of a 
fairly marked cycle closely approximating 
4] months in duration. The problem is to 
apply the Bartels test to this cycle as 
isolated hy methods of harmonic analysis, 
and so to evaluate the probability that it 
could be the result of chance conformations 
in the data. 

The first step is to break up the en- 
tire series into segments each 4] months 
in length. Each of these segments, of 
which there are twelve, is subjected to a 
standard harmonic analysis for a 4l-month 
period. The method of doing this, for the 
first and twelfth segments, is shown on 
Table IJ.' For each of the twelve analyses, 
the constants A and 2 are computed as de- 
scribed in Table IJ, and the twelve sets 
of values so derived, together with their 
averages and the sums of their squares, 
are tabulated in Table IJJ. 

Chart I? is a scatter diagram depicting 
the tendency of the twelve sets of A and [3 
values to cluster about their average val- 
ues. Fach pair of A and RB values deter- 
mines a point ‘‘p” on the chart. The twelve 
sets thus determine twelve points, p,, Po, 
Par sees Pyos and the average values deter- 
mine point “P”. The vector Op, describes 
the phase and amplitude? of the sinusoid 
fitted by means of harmonic analysis to 
the first segment of the series, the vec- 
tor %p> represents that fitted to the 
second segment, and so on. Vector OP is 
the average of the twelve individual vec- 
tors, and represents the result of fitting 
a single 4]-month sinusoid to the entire 
series. The degree to which the individual 
HOINtSap ep Pay s.e: Oy5 cluster about P 
as contrasted to about © 1s, according to 
this significance test, indicative of the 
probable statistical genuineness of the 
Al-month cycle in this series. 

As shown by Table III, the average vec- 
tor OP has an amplitude of 133.49, and the 
quadratic mean of the amplitudes of the 
twelve individual vectors is 202.49. If we 
assume that there is no real 4]-month 
periodicity in the data under study, and 
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that, therefore, the apparent cyclical 
movements are the result of chance alone, 
then the twelve p-points must be considered 
as random selections from a field of such 
points distributed about and centered at 
O. Moreover, if the condition is purely 
random, the dispersion of all the points 
in the field about O should not be greatly 
different from the dispersion of the 
twelve selected points about Q. Under such 
conditions, the expected amplitude of the 
single sinusoid fitted to the entire se- 
ries may Le computed as 203.49 : ¥12 = 
58.74, as contrasted to the measured am- 
plitude to its expectancy is 133.49 =: 
98.74 =2.27. The probability that this 
occurs as the result of chance alone is 
elest?) <a teas. Where e.1sthe sbacemoa 
natural logarithms.4 

The illustrative example given here is 
based on harmonic analysis, but the Bartels 
test may be applied to the results of 
other methods of cycle determination, as 
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TABLE II 
41~MONTH HARMONIC ANALYSES OF FIRST AND TWELFTH SEGMENTS OF SERIES 


(b) (c) (a) (e) (f) 
al lst Segment J.2th Segment 


2.44%} 0.)53/ 0.988 | -1.8 —.28 -1.78 | -6.1 -.93 -6.03 
4.88 »30R 0953 | -2.8 -,85 ~2007 | =3.7 ~1.12 -3.93 
7252 2444 e896 -0.2 -.09 —().18 -3.5 oll sisye) -3.14 
9.76 2976 e817? | +0.2 +.12 +9.16 | -1.7 -.98 -1.39 
12.20 2694 °720 | +2.4 +1.67 41.73 | +2.2 #1.53 +1.58 
14.63 2795 0606 | +2.8 +2025 +1.70 | +1.4 +1011 +.85 
17.07 °878 0478 | +4.1 +3, 60 +907 leone +2590 +1.58 
19.51 294). 2558 | +3.8 +3.58 tl cOe | eRoed +4.80 pale 
21.95 982 e190 | +3.4 +3234 +0565 1 t6.0 +5.89 +1,14 
24. 39 999 0039 | +3.4 +3,40 +O. LSe letO.o +6.49 +225 
26.83 0994} -.115 | +1.4 TU sio0 -0.16 | +3.4 +3.358 ~. 39 
29.27 ~964| -.265 | +3.8 +3.66 ~~ Ol ates0 naacnenl =, 69 
31.71 2912) =-.409 | -0.4 -.36 +0.16 | +0.6 +,.55 —ekd 
34.15 839 -.543 -1.7 -1.43 +0.92 -3.0 Rede +1Oo 
36.59 746] =-.666 | -3.0 2.24 +2.00 [-14.2 | -10.59 +9,46 
59.02 2636 -.771 -3.8 2242 Teo. ~24.3 -15.45 +18,.74 
41.46 2511 | =-.859 | —4.9 =-2.50 +4,21 [—29.9 | -15.28 | +25.68 
43.90 0574} ~.927 | -9.1 -3.40 +8.44 |=28.6 | -10.70 | +26.51 
46.34 o228| =-.973 |-10.2| -2.53| +9.92 |-26.9| <=6.13 | +26.17 
48.78 2076) -.997 |-11.6 600 | t1l.57 Gl=cOeo —2.01 | +26.42 
51.82 -.076| ~.997 |-11.2 rgerey | | mural MPa ore 4 +e | erie Og 
53.66 meeen| =s97> 1-10.7 +2.44 | +10.41 |-28.1 +6.41 | +27,34 
56.10 -.374| =-.927 |-10.3 +3,85 #9.55 |-27.9 | +10.43 | +25.86 
58.54 ~.511| -.859 | -7.1 +3.63 *#6,.10 [-23.4 | +11.96 1) +20,10 
60.98 —-.636| -.771 | -4.3 +2,73 t5,c6 |=19.7 | ette.oo Wee loeto 
63.41 -.746| =-.666 | -1.2 +,90 +,80°" [~17.8 | +15.28 |) t1ises 
65.85 -.839| =-,543 | +0.2 -.17 ~.1]1 |-16.8 | +14.10 +9.12 
68.29 -.912} -.409 | +4.1 -3.74 1.68 j-12.5 | +11.40 sell 
70.73 ~.964| =-.e65 | +6.2 -5.98 -1.64 j-13.4 | +12.92 +3.55 
TAY! ~.994|} -.115 | +6.5 -6.46 ~0.75 [-12.3 | +12.23 +1.41 
15.61 -.999 0059 | +722 —7.19 TOeeD i=l eouetllsco ~.44 
78.05 -.982 ~190 | +5,0 -4,91 70,95 j-10.5 | +10.31 200 
80.49 ~.941 2558 | +422 -3.95 41.42 [-13.0 | +12.23 ~4.39 
82293 -~.878 0478 | +1.7 -1.49 +0.81 |-13.0 | +11.41 ~6.e1 
85.57 -.795 -606 | +1.8 -1.43 +1,09 |~10.2 +8.11 -6.18 
87.80 -,694 2720 | -0.2 +.14 -0.14 9.8 +6,.80 -7,06 
90.24 -.576 sol 721) 41.0 -. 38 40.82 | -7.8 +4.49 -6.37 
92.68 - 444 896 fey -.75 +] oc 2.5 tl eOc -2.06 
Cos le -.502 0953 | +2.4 72 tesco | toed -1.15 +3.62 
97.56 -.153 98S |= +200 -.54 CS IETE i) Soo) -.92 +593 
100.00 - 1,000 | +2.6 0 +2.60 | +6.2 O +620 
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well. As in the case described above, the 
test depends on the relationship between 
the amplitude of the cycle fitted to the 
entire series under study and the expected 
amplitude as derived from the individual 
cycles fitted to the successive segments 
of the series. 

Tt should be pointed out that the Rar- 
tels test assumes that genuine periodic- 
ities tend towards fixity in both period 
and amplitude. For, any variations, either 
systematic or random, in the length of the 
individual cycles tend to reduce the am- 
plitude of the cycle curve fitted to the 
entire series through the averaging of 
out-of-phase ordinates, and so to reduce 
the final probability that the cycle is 
genuine. Likewise, variations in amplitude 
of individual cycles increase the expected 
average amplitude through the use of the 
quadratic mean, without proportionately 
increasing the amplitude of the overall 
cycle curve, and so also reduce the com- 
puted probalility of genuineness. Hence, 
for comparability of results, it is gener- 
ally advisable to express the series, as 
well as its time scale, if possible, in 
terms which stabilize to the fullest ex- 
tent logically consistent with the nature 
of the series, the amplitude and period of 
the cycle under test. In this connection, 
it is usually not feasible to do much with 
the time scale, but often a change in the 
form of the series itself will tend to 
stabilize the cyclical amplitudes involved. 
For example, in the case used above in 
illustrating the significance test, the 
economic data were expressed as relatives 
to a long-term trend line in preference to 
absolute deviations, inasmuch as it re- 
sulted in a more stable cycle and also be- 
cause 1t seemed the more reasonable ap- 
proach. Had absolute deviations been used, 
the final probability would have been of 
the order of ths. 


November, 1944 


Footnotes 
1The values of sine and cosine used in 
Table IT were taken from the trigonometric 
table shown in the Appendix. This table 
shows directly the values of sine © and 
cosine 9 for values of 0 expressed as per- 


JOURNAL OF CYCLE RESEARCH 


Te Ane) he Eee tat 
TABULATION OF RESULTS OF HARMONIC ANALYSIS OF 
TweLve SEGMENTS OF SERIES 
A B 


(From (FROM 
TaBLe !1) TasLe I!) 


—” 


COBNMNAWNH— 


86 .42 
132.8 .03 
Wf) 


6 
AVERAGE AMPLITUDE Vos 757 4 91.9778 133 49 


QUADRATIC MEAN OF TWELVE INDIVIDUAL AMPLITUDES = 
41,407.98 = 203.49 


nlm Peet GINS ge pian oh ek Ps NL) 
jo} 
@ 
Ke) 
a 


centages of 360°. It is particularly use- 
ful in harmonic analysis, as it eliminates 
the step of converting to degrees, minutes, 
and seconds, angles which are much more 
readily expressed in percentage form. 


2Chart I is essentially a ‘ ‘harmonic 
dial’’, differing from it only in using 
rectangular coordinates in place of polar. 
The construction of the chart is useful in 
illustrating the implications of the test 
and in presenting visually the results of 
the test, but, in practice, the final 
probabilities may be determined directly 
from the results computed as in Table ITI. 


3The distance Op, = Vaz + BR, and there- 
fore does not equal the amplitude of the 
fitted sinusoid, but is a multiple of that 
amplitude. This amplitude ‘‘a,’’ may be de- 


rived, if desired, from the equation a, = 
+= 
7 a VAT + cE : 


4As an alternative approach, Rartels 
also assumes P to be the true point center, 
and computes the probability that the cen- 
ter of the twelve points could be as far 
from P as O is. As compared with the 
method outlined above, such an approach 
gives an even smaller probability that the 
cycle is of chance origin. 
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TABLE CF _ EXPONENTI ALS 


Values of e", From n = 1.0 to n = 10.9 
(e = 2.71828) 


3.00 5.32 4.95 6.05 
8.17 9.02 13.5 16.4 
22.2 R4.& 56.6 44.7 
60.3 66.7 99.5 122 


164 181 270 530 


446 493 735 898 
PeleomLoco 1998 2441 
5294 3639 5431 6635 
8954 9894 14760 18040 

24340 26890 32860 40150 49030 
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A TABLE, OF SINES AND! COSINES “OR ANGEES 
EXPRESSED AS PERCENTAGES OF PERIGONS 


(S502 =a 0G7) 


Stim <@ ae .4 AG: 38 Cos Sim oO oF 4 36 oss COs 
% (All Figures Positive) % % (All Figures Negative) %, 
0 ) ~Ol2 "3025" 3058" 2050" 75 50 0) JOIZ “sO OBE OC 25 
| 068 O75 O88 00 eis Ks Gil -063 O75 .0S8 00 .l]5 Ze 
Deal Do eeoC pe DO er. On G tO a7 7 BO 123 .138 oO oles ol 2y 
3 lS? -200 22 (Bae AS Te Bs slit oA) sfiZ  ~AAt .AbS Be 
AME 4 meereG! Meo ZOO e291. lo Ba) 7 24Oo 26 ee 2 ne OO mac eS, 
Ser DO9mero 2 9 e555"). .545 556) 30 55. 509 S321 4553 1.5455 oo CemesO 
Cameos ma SON. Ol, 3403.44" 8 i 56 7568, .3605 7591 | 403004) ee 
7d s@ZS «AS oGVNe) oA HAY] SZ Bie 4 2.6 4511s 4.4 © O ene 2 e 
S ofl a) BOA BIA Iya hs Gis} tts atch iators — aiaii4b | ob. Sy 
S) gx Bike; gar —gbleg/ iaTas) eu! ie) RE © ga i? 6g BS) HE) Bt 
© 56 G23 008 cells no6xzs iss 60’ {5887 =7598 60S" 9 CliGweG2 5D 
Wl sG@S7 oe § Re sael lea) Ke Sil és set? cGBG  seEC@e aC/S He 
J2 (684 .@24 aOR cINA 5 kA 87 On neeye 36S, ,1/02 af IZ ofA Bt 
1D 12 .f30 oiete on fS4h- Wer he! G3 JOS 7380 oS 5/8 C2 BE 
JA a 7UO) of VS ots oes sen ee oh HO 7/7 nTKsle cif¥t (G02 SS 
15  ~COS BIG ~Bws EH) eee OO €5) 809) Si} Onerio 25a, OS leno > CmmnaO. 
WO YAS ISI atstee  atsi7/(0) 8) CONC 44S) nO 5)/ rio O4 aumor Ome 
ld BUS Ste afelelss Sere ails) SZ Ciel Cm COCR OOS O4 OS OMEEGZ 
IS 905 OG OS ~220 jsSA © GS SOS io) Oe Os Sie 97 On OZ. 43 
OMS ONS 49 59 OFS Oa Oe €9 .930 .934 .939 .943 .947 44 

20 6 SSB] ~955 s2Be —leA wees) 2) VO oloi) cae Ge ~NE2 ples AS 

Ale COS Oz G14 S77 980) 96 T)) -968. 972, 4974.” ROTO 29S0eae 

ZZ .982) 4984 .987 .989 .990- 97 TZ 982 3984 987 989) 7990 meay 

23.992 .994 .995 .996 .997 98 73° .992 .994 .995 .996 .997 48 

24 .998 .999 .999 1.000 1.000 99 T4 _.998 .999 .999 1.000 1.000 49 

25 1.000 1.000 1.000 .999 .999 fe) 75 1.000 1.000 1.000 .999 .999 50 


26 .998 .997 .99€ .995 .994 | 76 .998 .997 «996 (995 994 Si 
Ai oeisyy — serslo) isle) siz) so ev44 Zz 7] 992° =5990 .989)) 7G 984 weber 
ZOOM Cr © OO ON Ae Oi 2 S TS. -s982 93980297 J. S42 eS 
ZS) YN VOD GMA 2Oes) OBS 4 79 «968 «965 .962 ~958) (955) 54 
30) «Oi Say Sis) {~Oee) ,Sevs 5 SO -951 947 .9435  ~959" O47 mi5S 


Cues: 220) te O25 8 920) 2 ONS: 5 9:)0 fe Sh = 950> 5925" 792089) 5 commas 
BA SO) BIS) SSL eisks} SHE i 873905 5899" 18945" Fees (79e7 ss, 
BS tHE olsi//0) Slevb iy 1315) & GS 2876 2870  .864 5857), 65 less 
BY gle — Si} SII] SS) SHINE 9 64. 1844 8385 2659 8 Sloe. Siem De 
35 COS o802 w/e neo 778 [© 85 .809) 802, 2/94) 7e6u eT emieG 
OC GhO e162 27542 77460n 1577) 1 SO 710 2762" 754 Aes wae Seo 
DU of2S 20 sAIZ  ~HO2 684 2 Sf nl2O” FE I2O0. sie Ol ne Oo CmmnCe, 
Dew cea .015 666) .€560.).647 — 13 88 684 3675. 666° 656 6475 65 
DONGS) 5628" [618 .608)*.598 14 BO "s657., 628) Cl G. COG moos mEGa 
BORE OS MIO LOS OCT 6. OOtn a6 ue 1S 90" 588" 578) 3567 seo Simo demmeS 
Ae S68 8.5250 Bila 504 (2495) she 9). DBE =~525: 5145. 5040 40s muee 
A ERS GTI) AGO) gS} ayy OZ AG2, AT 46 Oy Fe Ane Ras eg 
VO A C4) Sen 4 OSS a5 9s COMMS 93° .A2Z6 {Ala (405 esol) eseumes 
BAW CO Ce OOG 545) 55S e eto 94 «5E8> 2556) 2345" 1535) = oc eee 
NEY EU SLORS) WE PAS Ra Siew rae ics =, OSH 5X0) 9D. 309° 5207" 2285 82735 ee aro 
46) 249" SS 25O" 224) 3212) 200) 2} 9G «ZAG S256) 2204 Oe OO mg 
All GANSTA op lly SMES elo . Baer Be OT IST NGS) NGS SO we iam 
ws} WB NS HOO) OWS «=. OR §=2S 98 12D NSS ENOCe O88" = Onaammns 
AO COO OOS 0 uO 25am Ol our. 99 .063 O50 702.3 21075 aero mane al 


C. E. ARMSTRONG 


THE AVERAGE LATITUDE OF SUNSPOTS 


BY EDWARD R. DEWEY 


: he mean weighted latitude of sunspots, 
North or South of the equator, 1874—1956, 
1S approximately 14. 

Mean heleographic latitudes of sunspots, 
by years, are conveniently available from 
1874 through 1953.1 The same figures can be 
computed for 1954, 1955, and 1956 from similar 


figures for each solar synodic rotation. 2 
See Table 1. 

The average of these values following the 
low latitude of 1878 through the low latitude 
of 1953 (seven cycles) is 14.04°. 

This figure may be of use to students of 
sunspot behavior. 


TABLE 1] 


Mean Weighted Heliographic Latitude of Sunspots, North or South of the Equator, 1874—1956 


Year Latitude Year Latitude 
1874 HOH 1895 oe 4 
1875 WAL Ae 1896 14°33 
1876 Li og 1897 7.96 
1877 9.5L 1898 10. 49 
1878 7.58 1899 9.54 
1879 21.96 1900 7.14 
1880 19.64 1901 LORS 
1881 18.30 1902 17.64 
1882 gen 1903 19.93 
1883 13.06 1904 16.58 
1884 11.26 1903 13.10 
1885 NS et 1906 13.99 
1886 10.38 1907 2a 
1887 8.45 1908 10.38 
1888 (eee) 1909 OSL 
1889 LAGU 1910 LORSS 
1890 21.99 1911 6. 49 
1891] 20251 1912 8.06 
1892 18.39 1913 DS Ss 
1893 14.47 1914 Nees 
1894 14.18 1915 We CH 


*Average of solar rotation averages. 


Year Latitude Year Latitude 
1916 A eieeon | 1937 WY, 
1917 14.63 1938 14.79 
1918 12575 1939 13.42 
1919 10.76 1940 i La gh Er 
1920 10. 43 1941 10238 
1921 7.90 1942 8.99 
1922 8.02 1943 10.09 
1923 15226 1944 21293 
1924 DP) les 1945 2022 
1925 20220, 1946 20 . 00 
1926 18.66 1947 Meso 
1927 15205 1948 T4579 
1928 13750 1949 13933 
1929 LOES1 1950 13.41 
1930 9.87 1951 11532 
1931 Sasi 1952 8.00 
1932 8.32 1953 9.86 
1933 10.56 1954 OTL 
1934 DSc 1955 #2414 
1935 23.30 1956 *21. 68 
1936 205355 
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